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(67) Abstract: 

PROBLEM TO BE SOLVED: To provide a device 
applicatbn example that can exhibS the possibifity of 
system evolution by a genetic algor^m(GA) fully and to 
provide a control (logic definition) for prompting 
autonomous evolution. 

SOLUTION: This device has a logic circuit 10 which can 
change operation togic and a control signal generation 
part 20 for generation the control signal by a GA. The 
logic circuit 10 consists of an input conversion part 2 
for converting plural input signals Into a voltage of 
plural levefs, an definition signal generation part 4 
for generate) g a logic definition signal (V2 or the 
Idee) on the basis of an input signal VI after 
conversion, and a var^ble operation part 6 for 
execut'ng a logical operation of a specified function 
decided in accordance wfth the logic deffriHIon signal 
with the input signal after conversion, T^e control 
signal generation part 20 executes sefection and/or 
change ot a votage level on the basis of the resutt 
obtained whan each vottage level of prepared voltage 
level group is inputted to ttie logic circud 10, by 
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taking this as ttie control signal, repeats this until a 
desired operation result is obtained, and the vottage 
level group is made to autonomously converge. 

COPYRIGHT: (C)1999,JPO 




<19)H*aWI1F/f (J P) 



(12) 4^ 



#11^11-194924 

(43)^PB ^fieil¥(1999)7H21B 



(51) Intel.' 
G 0 6 F 7/00 
15/18 

HOIL 27/115 
21/8247 
29/788 



5 5 0 



F I 

G 0 6 F 7/00 A 
15/18 5 5 0 C 

H 0 3 K 19/20 

HOIL 27/10 4 3 4 

, 29/78 3 7 1 

1^ sf^js<osc25 OL 21 s) m&M\zm< 



(2i)ais#^ 


<*S¥9 -361465 


(71)tH®A 


000002185 










(22)tflMB 


¥*9^(1997)12^26B 










(72)5§W# 
























(74)'reaA 





(54) ^f^^^sxr^^^cDaw:^^ 



(57) mm^ 

mm (mmm^) ^m^mmi-^o 
iy^J\.(DmE.\zm^^^^^tim&^z t. v\mm^ (v 

(V2^) $^^-r^5i^fi-^^J?E$l5 4i:. iS^StS 



o 




/ 



- Si 



/ 



(2) 



i^SI^ 1 1 - 1 9 4 9 2 4 



\z^\ifz^^(r>\^^}v^t^m,m^n^\^x^t^r^K 

fi^ <t (c« -:5 1 X r lissi^ e-^ ^ ^idc^ ^ fi^^j^g 

x^mzmt^mmw^m^\^^cx»^^^?^'&m%L<Dm 
m^%^^^x^m^uxn^^<r>xt^m^\^n urn 

Bo 

m^itm.<r>^^t^^mn^^<D-'&im:i^cfz^^mm 

xmz\Z^%i(Dn^iy^)^'^^^r^m^'^t. 

C^x^itSSJ. mVi^lSLXS^'W.^^Vi^X.X . MIH>1I 
its. ig«S.o:^M*^yilL<f;Ei<^fi?fM<DmJl2ii 



^^^(DA*i{i-^fcj;c;i:-cai^^L^i^mi±-esiE^'i> 
mri£Bi^;1l^giJ(i. A:/3LfrliS5iSm-^fcfc;:i:TL# 
(7)ISSSSfe;Ej<^S$H. BniE^«S(DA:b<i^friSi:T 

t^mEE-^' >A-^;at>'B(Fl5A:ti^^SP(i, m i c^miim 

t n^^-V^^;KD2OC0^^^*— hmi^a^ h5>vX 

±\zr^f&^^fz^*- ['fi&mm±i^m&Lxmm2'o<D h 

mrfaA:tl^ig^(D20<7) H^VvX^fi, V— X|h1±^ 
b ai :^ ^ i: U tbT-f >/ mm<t<ii $ IS*3I 

5 \zum<Dmm»mm:o 

itiiBA:^^^§iJ(*, mi a>m;ismE^m2(Dm^ms(D 

(D^mf- h mi^a^ k ^ > v x ^ ;b^ ^ ^ 

±izi\m^Htz^*- h^mim±izm&Lxmm2'D<D h 
^ > vx^ rpi-e^a}ss!$4x/rj?aiv- K <t . 




■1) 




L. 



(3) 



1 1-19 4 9 2 4 



mmn^mmxtim^uxm^^oxt^mmznLxm 
nf^'S5m^:^u^tt^i^mf^^^xi'^^^^mi^^m:o 

xmm<^^^^mf-h^^L. 

^mm^if^^i±xi^^^- h tum^- h^mizmm 
^i±xts:^^mm^:^'e^)m^'S:m^^r^m^ms{z 

^ AT i> $ ii X ^ if 8 (ZlBa<7)^^i*:gMo 

^ji^^mtd.mmm^tLxihtiL. mma^ih:ht<'^i^H 

rjil^t^it. mmihti^^\zmr5l^xmE,iy^J\^(Dm9i 

<Dthtit<^^ti^^xm^)m\^xmt&mE.i^^j\-n^^ 
^tLxihti^^mmm^±j&uiw.\z^r^m^ma 



^t<-^umw~mmt<m^'S!t!it^mm\B\mz^^)mi&^ti 
*Hrt^i,ls^3I1 z{zmm<D^mi^^mmm.o 

^ b'^>i^:!^^izXtiLtzt^\zm^titz^ti^WTm(D 

mt^ti:^<Dm^t^^^ti(D-^mzjt^ct:im±mmxm 

[li^ili 7] S^(DA:#i{l-^^. ^c7}|&sa?M^^+:> 

m^— h\zmtExtim^^ti^i^mu^H^'&&'^<r>xt^ 
m^tizm'^i^xmmmmm'^^±f^'t^m^m^^m 

m^-xt^izmt^xtim.i^&(Dmtit<mm^^. umAti 
izmm^mm^±m^<Dihtitmm^^. ^mmmxt^ 
vsiiffzmt^mmm^m^izm cxsk^^m^mmom 
mmw^m^xt^mm.^xmi^'^<r>Atim^\z$:^ \^xm 

w^mp^^z:^r^m^m^ 6{ztd.m<r>^m»^m<Dum 

[m^m^ 8] mts,mm\°\mt<m^n^\^x±»(Dmm 

g|gSi:A:^^S^(Cig^^/c£:^^^coe^:; hJiJ^fflL^^iS* 

?^ UN <!: ^ IC - MS^ LtzL tl^mE.t<^nx ^ ^ L ^ 
U^mEIEttM^ ^ S^LV 
^^L^LNmEI51SS-Y>/<— ^Sic^L^L^mES, 
L ct 5 <i: ^ li^l^^ L fill r IS^ L fc ^ . 

MffimEUK;KDiHJ^^fT5lf5^tJll 7 irlSiKcD^i^^* 




r 

r ■ 

r 



(4) 



1 T - 1 9 4 9 2 4 



^^mmmM.l:immt6im\z^i^w^^ir^m^^^ gins 
* tifcmiE u ^ ;u * isit L r fe # , 

[0 O O 1 ] 
[0 0 0 2] 



Oxrj tit. z^^x^mtm^^tixi^^zttm 

L/riie6<jr;u=r'J XA (Genetic Algorithms. iilTG 
^? i± -C iH b * -t± cfc 5 <i: f ^ ^ CD fe ^ o 

[0 0 0 3] rii^b-r^/\— K^xTj (Drnm^t^iW 

^X. rtBi^tiiGAmmmtLX. FPGA (Field Pr 
ogranmabie Gate Array ) . PLD (Programmab I Logi 
c Device) ^;Ei<fei>o UlT. Tie:^i^ (D I^tk^^xT 

[0 0 0 4] ^a(l) :®P^&ffe: rilf56*J^^I:i 

xM . m^ mmmm. i 9 9 3^f)jo 

[o o 0 5] c(D3tSj^-efi. p \^oa:>mmm^\z^B^ 

[0 0 0 6] (1 ) ICTi^^HTL^^P LDliGAL 

1 GV 8 tmtHxi^^^cox. -^^xh^). ^fzM 

^U^OX^^o CCOP L DCDS/?e^^^ 1 3 fr^1-» 

P L D (iT U-< l^lcigS $ nt- ^;gt/ ^ ^ - > i: MS^ ^ 

h¥\<Dm.^^t>'(^xn'^^hzt\z^^. m 
^n^ztt<x^^. Ktim^t<K^m^(DT ^^"^ 

— Xi. «-3£.^frtzL— X, E EP ROM^CD^P^'^ 
A^T^;b<^ltbtL. Cin^^ 3^P^'^A-r^C<b:(c^ y 
A^'jfi-^lCj^f ^ANDti^^gS-e^-So ANDA<^ 

^&X)htl-^ti.^. O^y, PLDIi, ANDirORCDii 

[0 0 0 7] (1) r-fi, ccdp l ocDli^tiBgsi 
^(citewr;ud'y XA (ga) riUb-r^/N 

-K't7xrj vXi='A5am'r^Cc^:$^llgLTl^'5o 
^f*6*J(C(^, P LDc75lgil$5i^-r^tij^t:-v h 

?|J^3iS^=^<t^7)r:^P V— A^^)^fe*<t:<iV-?'ci:L. CCD^ 
fei*^7>^*A(r^tScfflS-r^o ^L-C. ^H^4x<D^ 
at* (f^vh^ij) y5i^r^ii^[Hl^(::-3L^rA:^ 



[0 0 0 8] :$cm (1) Vit. ]ik±<Diy:^'r/x(DmtL 

fey, 1 0 s\zy h&<D'^^i^B:m^miK mmf^um 

[0 0 0 9] 

[o 0 1 o] (1 ) vtWim^Hxi^^^oi^. m 

^^(D P L DliE P ROM. E E P ROM^CD^^P^^A 

mf^x^^j. mmi^^i^. txij±t^m<D^^tjizo o o 
i^i:mmi-^:itt<x^t<i:i^o zicntz^. :P:m (i) cd 

mxit. I^t'/^YX (PLD) $ffiL^r'>Xi^A^eiSE 
\^Xl^^OX\t^t^<. Slept: h?iJ(DG Agf^$=]>e 

[001 1] ^f-. EPROM, E E P ROM^(D7^/< 

^ Alr^^fZ^tC^-r ^ J:: 5 a®/^ vXi^ A(7D« 
[0 0 1 2] ±i!lLfccfc^lc. P LD(iS*6*j 

r'fc^Ci:fi. GAgf^r'(±^fe»:CD:^$A<:^< J^cf^C 
t\zt^^}. G A^f^<D3ai^$^< t-'So 

[0 0 13] ^Z--. TlSlSci)^ (2) rMi. ±i7!iLfra> 
-fcr K <*: [5]fi|(C. MLS I CD^tffflSIgH D L (CG A $ 

mm\^. i,s \(D^^vc^m\tm:L%\t^^tx\.^<^m^ 

[0 O 1 4] ^S)^ (2) iSMi^flfe: rfrill^/N-K^ 

xT(75jHbj . raed^jTvud-'jxAji , mam. 

US, 1 9 9 SifffJo 

[00 15] LA^L. C4xt U— va >JtCDll^ 



11-19 4 9 2 4 

[0 0 16] :i<D^o\Z ^ii^t-r^/^-K'^xTJ (DH 

•CS^ F P G A^P L D. •^/•-/\— K-^xTlHiiiiSli 

(HDL) ^fflt^/'-t<Dr*fe^;^)^ ZKiiC0SF5t(ii|^/-£ 
v5zlU— v3>U'<;t'C3oy . y\— KOxT^x^^l^ 
L>JcA<b^; v:? h'^'xTCOSFSSI-g^ori^'iio -COc^ 

5fr, ll[S<^ r3Hb1-^/\— K^xTvXi^Aj. (7)^3^ 
[0 0 17] :^^B^(i. ccOc^a^'jr^lf l::g^T?^cfS 
or Stt6*](csi^bf ^/N— K':7xTi: Lr^^fl^j-cH^ 

[0 0 18] 

fi£-r'51S^(7)$)j^>f-K$^-r^M I S FET^. 
^^iUbf-S/N— K^x7C0S*T^/<-f Xt LTSL^r 

[0 0 19] *^fl^(D#^{*^mr'(i. Itlfe 

*±l;^^<^#t>n?'c^:L^<i:^(i. ^m\hti^^\zmr5l^xmEi 

[0 0 2 0] ^y--. a^c7)A:b{i-^*. ^<Dii^<7)is^ 

^ti^m^^(OAtim^t\zm^i^xmmm^m^^± 

i;c;cxss:^^mmm^<Dmm^n^tii^xti^^^x^ 
^^<Dxtimmzii^\^xm'i7'r^'^mmw.^tt^h>mf& 



(6) 



^^W- 11-1 9 4 9 2 4 



[0 0 2 1 ] mtEmmm^^j^^it. ^mz 

[0 0 2 2] cnf>snfBA:b^^§P, 5i^S-^±;5£a55. 

h jg^M Jt i^sa L -c ^ g 2 o (D h ^ > X ^ r^i r-^ii 
[0 0 2 3] |irfSA:^^^§eii2 0(;) h^vvx^cov 
[0 0 2 4] m^taiBi^^mmr^tzisbizn^Li^:^^ 

[0 0 2 5] miEIBi^TL'-rii, lE^COSil^^^^ 

^ * 1± -C K ^ aa^*- K ^ in fr ^ 
'f^^'ff—h (FG) V3.J?<^'J^CD 

[0 0 2 6] ^f-, ±iSLf-5iS^l-^^J5£$fi^^afi£-^ 



r, n-M¥-h^(r>^xnmm.<Dmmx'uo^tt<x^ 

[0 0 2 7] *^B^cD4^#<*^M<7)f]^:^J£(i. 

[0 0 2 8] J?^L<(i. MIE^^^r— hmi^a^K^ 

iiSIilE&(7)^fc^/;o:L. t^'omm\Bimi\<Dm^tX 
[0 0 2 9] :*:^B^coii^5i^:^,^-c(i. i^^L<f*. 
C i: fc J: o r ^l-tt^ 4, f-1± ^ C ^ ^ o 

(1) mim^^m^±f&&^tLx. m^mut<tj:i^t^ 
\z ^ - B.is^ L L ^ # ^ L ^ l^m^dEIH 

(2) irrfEiSS[Hi^c7)i§^5t^^(c, fiiaL#L>mJ±fB 
(r>^(r>i^m^miz^iyxi!^i^^mmmnizm Lt=mjE u 

IE U ^ ;uf$ CD 5 g ffi^ iSS I ^ li^;'^ ^ ^ ^i^l" 





r 



(7) 



^gg^ 1 1 - 1 9 4 9 2 4 



(5) ttit^mm<D^^c:t{z. ^<Dmmmmvi^^^ti 

[0 0 3 0] ^Z--. '>?^i:< ir^MtS^m^cDA:^^!^. 

m<Dmnm^ajtiz^mmj:i^m-c:umm^i±m-r 

[0 0 3 2] z,(Dmm^mt GA^mz ^^mmmmt 
(Dm^-^tj-^iz^'ox. mm^mmizftcxM^x^:f< 

(Dmm\simx'{t^m^m^Lx. ^Hizmmtii^^m<D 
Witi^tsmmt<mmts^xi'^^<Dx. mmt<mm^ti^ 
tWit^ummyf^^ :^ ht^^-oxmmY^^mofi^. ga^ 
^{Zr^^mm^^xit. iE^mi^tm^<Dmm^^i^^ 
ji^x?kmizmm^H. mf^mmt<^Wiizmi^^<r>tt^ 
^^<r>G A^mcommmxit. ^^^^^tzzfu^- 

^ Al^SlcJs (t ^^fig ^ IE5t $ -t± •!> t- It G 

f^(7)5i^fCiiax. «^t£Si*:CD^Ml^G A^^;^)<ffll^^tL 

[0 0 3 3] ^ti&(7)ii^[H]^rBl<D 

xmt^^-oxm^^^tii^mm^^^o^^mt^im 
omx\t^'^^x^'otz^mmzxm^^'^^-^^^ 

^^(D^^m.m.X^^n'^'^^:^. m7i.\tP\.DX\tWi^ 

mM^xmw.t6.7\^>(\zm:ni.xn^) . m^mM.\zmm 
t^t^t^^<r>x^'^xmmmt^'^mxh^o ^^iz^ m 



^<Dmm{z^i^xmm(Dmwi^m^n^^t^<x^^m 
mm^t<n^^^^0x. mmff^^:^tu<^mmz 
mjtx^h. m'ibmmmit\it<&ho tztxit. z.^^ 
(Dmmmitizjz'ox. t^&5SSii£TM±i!)^^-v>?b<?^cf< 

ti^tz^). ^iMtm ^itN AND t AN Da)Wamti<mm 
LXmmi^r^m^Xt. *^s^-CMiiiSIHiSS^iELl^ 

m^'^i^ti^^oizmm-r^<ox. mmmzmmf^(r>m. 
mt<^'^i-^. *^,fc. ^\zmmLfzmr^t^<r>^'EmH^ 

^^i^^mmitx^^v^. ^m^tii^^mmm-^m^ 
tixumm^-<r>m^mmtmmts^^tzit>{z^ mc.^==> 
t^immmn ^m^j^^o-^biz^mt ^m^m^^^±r 

[O O 3 4] 

i^m(Dmm(Dmm^ :^mM\zf^.^^mi^mm.Rzs'^(r> 
mm^T^it. z,^^x<D^:^tizL-^—m<Dyyh'^JL 

m<D<^oizj^^^jTi^-( iz^nLtzmmm^tmtj: ^) . 

\z^mT^^mm!S,<Dmmt'pmn^i^m<Dm{ztsi^x. 

mm^'^n^t^^=^<Dx&^o 
[0 0 3 5] *^8^fi. rit^fc-r^/N— K':7xrj \zm 

[y^j[.t^i^mm^^=^<Dxh^o -tut^-^. ^^m<r>^ 

[0 0 3 6] m 1 ^]5Sff$S 

^K*. :^mmmm{z%:h^m^^m,<Dmu^yr^rmf^ 
mx^^. :z<D^mv$^mm.Mt. it^s^io, ga^ 

>^'jSiJ3 o^wr^o 

[0 0 3 7] :*:|lffiJ^^rMi. il^t A^^^^ i> 
g^-x/NVx (liaiEslSSi o) (hur. TtE:^ci)^i::tBi£ 




I?- 




r 



[0 0 3 8] (3) :Shibata. T. andT. Ohmi. "An 

Intelligent MOS Transistor Feauturing Gate-Level 
Weighted Sum and Threshold Operations," . lEDM, 199 

i^cSR (4) :mmm., rgf«E^C0MOS h^VvX-Sz. 

X. 1 9 9 2^1 p 1 O 1 o 

:$C.Wi iS) : Shibata. T. . T. Ohmi. "Real-Time Rconfigu 
rable Logic CircuitsUsing Neuron MOSTrans i stor " . 
ISSCC. p236. 1993o 

[0 0 3 9] CvMOS] ^21:;. 1/ MOSCOifSait 
^'cCSS. ^2(Z^5L^r. S-^ 1 O Ofi4^^»g;fi5. 102 

>^'>!r— hFG(i, a > h a— ;u>r— h c G 

^'P-T^^^^y— hm{i0f I*. ^2 (b) (r 
V n * #*i±izc6 cr m<?^-^^it L/cfiic7)^fair o r ^ 

MOS<i:pMOS-eiffl^^*3-a:-i)i:. D-A^S^. pj 
^ L ^ L ^ a E ^ ^ ^ ^ # ^ «i fl^ ^ ^ o [il £S 

^ c <b: ;&<-c? ^ ^ c 
[0 0 4 0] CS Hl£]^ ( h ■ /\— KOxTS 
£&) ] S 1 C7)it^ls]^ 1 O ^m^^^S H [H]£S(i. 2 b 

i t CD/\V:hU A:^{t-^ I 1 . I 2 (ri^^ cr V o u t * 
dti:^3t-'5liSM^lHl^-efey. ^I^fl^v a. vb, v 

cfCi;SL:. AN D. OR. NAND. NORl?(7516<l 

[004 1] ^mmum(D^^mmi;:. "A:^^«as 

2" (AltlgP) ^m-r^2b i t D-A^^ii, "pJ 

8) . "5i^fl^^J5£^4" $afi£^i»2A±I^^L^ 
t^miE-r A -00)3 -D(7?^5^'(c:;^^ij$n^o ^ 

I5<D vMOS h^^vX^^^ffiUTL^^o A:?^^<7)D 
-A^^^li. miimJ£Vddi:^*^<iGNDi:(DFBllc 

il^JSScSFH/--nMOS 2a^pMOS2 b;bN^Si?£^ 

^CD37P— 5^^' hFG2A<^Sr% 
> h p— ;u>f — hTb^CG 2 1 --CG 2 3 i: 3<lIEM$4x 



1 1 - 1 9 4 9 2 4 

f^vMosmi&tU'Dxi'^ho m 1 ai/m 2(0=3 > hP 

— hCG2i. CG 2 2(r(i. ^K^;KA^fi-^ 
II. I zh^^lsa-^ti. l&3coa > hP— hCG 

2 3(i^ite^?H-Cl^-S)o 

[0 0 4 3] CC0cfc3?j:aJl£CDD-AgSS^(i, m 1 S. 
1>*M2(75=I > h P— h C G 2 1 . C G 2 2 CD®^ 
it;!)<1 : Ztti.'DX^^)^ nMOS 2 a i: pMOS 2 b 
(DPk^^m ^? n V - X A^ ^, di :^ 7b<l5i y dti ^ ti/r V - X 
VitnT^m^ttS.'oXl'^hCDX. Kt^m^l 1. 12 

(/<^:hu<i^) <DJSfi^^t^i±fzj;y (o. Vdd/4. 

2Vdd/4. 3 Vdd/4) (7)4fi|^^$f^ytb^o 
[0044] 2A:^3Pl^L^L^mS'<>/<-^ A'-C 
(i. ^3f::-<>/\— ^ A-C?ft^Lr^-rcfc5(c. -^tL^ 

fcpMOS 4 a (t nMOS 4 b7^)^•=)afiK$tL. ^<D:7P 

— h FG 4;{)<^ilT*. ^fcP^hP— 

— hA<CG41. CG42i: 2{iiEM^Htr I/MOSa 
J^tf^-DXl^^. mi (7)P>hP— ;U^'-hCG4 1 
(i, D-A^^^ (A:^^MgI52) <D^tl (^^SCDA 

;£l<^*D$H. =I> hP— hCG 4 2(*. 
-f>/<-^ZA. B. CSfC^tt-?tt95ISG A^f^Si2 O 
A^^CO$^J^{i-§■V a. Vb. V c;E)<A:^^tt^o 
[00 4 5] C(D<fc5^*:Sfi£c02A:^W^L^l^mB£-< 
-SI A-Cfi. 7?P— T^-O^'^*— h FG 4 (il^ 

a <t nMOS 4 b (D^M^iS^^ ttf:: K U-f b tB:^^^ 
lS?y£±i$tLfc-<>y\*— ^Sigl.irJ'cfo-CL^^o ^fc, mi 
lkXS%2(D^ > h P— ;U>!r— h C G 4 1 , CG 4 2(DS 
StbA^i : 1 i:?^d:oru^-5C,hA^^. 2A:^pI^L^L^ 
^I±-f A'-CcOJSfe^EEV Inv (a) — V inv (c) 

li. ^x.(^-<>/\— Ar-fiVinv(a)=Vdd-V a>^d:<br 

a. Vb. V c(Dfii-e^^^L^L^mJ±<i:. D-A^^ 

iri^^Ur. 2A:/DPl^L^l>miE-r>/\— ^ A-C(73# 
t±J:^mEE (lUT. V2, V3. 

V4(^. ^H-?4x0^y-r(iVdd<^fiI$<t 
[GO 4 6] 4A:^cO;1im^or^L^LNmJE^> 
^8(i. 1211 (CTF-Tcfc^l^. m^miEVdd<t:S^l&m 

iiGN DtCOFellCfi^J^iglStL/'r pMOS 8 a i: n M O 
SSht^^m^-^tL. ^<0 3?P— h FG8 
A<^il-C. ^/rP> hP— ;uy— hA<CG®. CG®. 

CG®. cG<s>t^m^m,-^tifzvuosmj^tts.'DX 

1^-5, mi cop> hP— ;u^— HCG®(r. D-A^m 
^ (A:b^Ma52) (7)iti:^mi±v 1 (^^S^DA:^{i 

^) A^ffl^JO^FH. P> KP— hCG®-®(Cfi. 
^tL^tt2A:^Hi^L^LNmiE-f ^/'^-^ A. B. C(D 
li^5i^^^V2. V3. V 4;b<Biiia^H^<, 
[00 4 7] ::(D4A±ipJ^L^i^^lE-<>/N— 8 
(i. :7P— hFG8;!}<^tillSSS^;K. 



(8) 



(9) 



i^gg^ 1 1 - 1 9 4 9 2 4 



pMOS8ai:nMOS8 bO^M^^^titz KU-O 

^fz. mi-^m4 0zi>hP-;U^*-hCG<I)-CG(i) 
<Dm^ttt<4. : 2 : 1 : 1 ttH^Xi'^^C. tt^^h. :i(D 

heD^-^^Mc 1 -C4(i, ±^a^ctot tir 

-Set, ^n^ttC 1 =Ctot /2. C2 = Ct0t/4. 
C 3 = C4 = Ctot /8 ir^-f Cir^b^r-^^o =i > h P 

Vinv(8)=Vdd-2 (V2/^4 

[00 4 9] cco^JEv 2-v 4-e^^y 5fii^ y^# 

-SL^UNmiEvinvCa) D-A^a^<DA;b{i-^ 

^4 A:tlW^L^L^mi±^ a (DON /OF 

(i. -O/N'— 1 2^:J>Lr£ti±)e^Vo u t i: LrH 
[00 5 0] c:cD4 A:^°I^L^i^mi±-0/<— 'S' 8 

fi. G A^f^5iJ2 0A^b^a^^$^l^aIe-^V a. Vb. V 

c <Dm.{::-^^x±m^ti^mmn^m^\/ 2 v 4 <d^ 
^^+^■t±r*j^ali^;^l<*^$;K, xt^m^- 11. i 2cd 
2ffi ( "1" ^ "o" ) (7))sai^^t:)-t±ic^^Lr. tht^m 

a3imi±vdd ( "1" i^^fo) tstfema ( "o" 

[0 0 5 1 ] /-(h^f^. ^4 (a) {ZijkrXtim^ ( I 

1 . 12) i:£ii:tlfi-^V o u t <^:gm^C^3l^-C. 

(Va. Vb, Vc) ;6< (O. O. Vdd) t<Xf3^H 

^V^t< (O, Vdd/4. 2 Vdd/ 4. 3Vdd-^4.) <D 

isitiizmitLxi,. iiS5iSii^v2-v4ii^rvdd 

A:^{i-^v 1 ;b< (O. Vdd/ 4. 2 Vdd/ 4. 3 Vdd/ 
4) (TDHtl^lr^^bLTt,, li^?fiSil^V2-V4(i^ 

xott^i^o o^v. A:h{i^v 1 A< (0. Vdd/4. 

2 Vdd/ 4. 3 Vdd/ 4) i^^^fcurt,. 

(V2. vs. V4) (Vdd. Vdd. 0) t—^x^ 

fJriB (1) ieT'^-r4A:^pi^L#i^mE-f >/N— 

-Si 8(7)L^L^SJ±Vinv(8)^iVdd/4T'3E^bL?'c^:t^o C 
CD^S^. A±l^l-^V 1 "O" (Dt^it^ ly^^"^ 
S.iELtiil^(DXV o u t "O" (!:?'ci:^;i<, V i ;!)< (V 

dd/4. 2 Vdd/ 4. 3 Vdd/ 4) CO-h^fiffiin^-O 
-St 8;J)<jS^LV o u t (i " 1 " *h>d:^o o^U. A 
:^fi-§- (II. I 2) 7b< (0. 0) (Dt^cD^tiitim^- 
voutA<"o" -eftb(Dia^#t3ii-c(i£±i;^li-^v o u 
t;!)<"i" (Vdd) ^t^oRmm<Dihtitmihti^a 

[0 0 5 2] mmiZ. (Va. Vb. Vc) = (Vdd/ 
4. Vdd/4, Vdd) UihitXORmm. (Va. V 
b. Vc) = (Vdd. Vdd. 0) tiiihit AN Dt^mtta 
-So :i<D^5\ZLXmii^^tz (Va. Vb. Vc) (DM 
^^*^-t^(b:. ^(D^CDV o u t CDS^$^4 (b) l::^ 
tisbXfj^^o :l<D^5\z^ zxti (4fil) (om 



— >U^*— hCGC2)-CG®(Cj:o-C. ^^4A^^^L 
^U^^BE-< -S^ 8(7)L^L^^EEVinv(8);!)<8iiy CO 

^^■^4o-t±r*^ait<t LTIi. O. Ctot/8. 2Ctot 

/8, 3Ctot/8. 4 Ctot /8<7) 5filr'fJj@fl$ 
^a)fi[ijUT(7) (1) i^T'-^^^)n^o 

[0 0 4 8] 

[Sci] 

4- V 3x^8 + V 4/8) -■• ( 1 ) 
^SSSl 0 (SH[5]^) X\t. ;1l^ffl^^L^l^*lI±'^' 

-Si 8$4A:^i/MOS-<>/<— -S^m^L. ^ 

tz. -^H^4xA<5fiICO©j^e^ (Va. Vb. Vc) 
y 4 A:^ z/MOS>r >/N'— ^<D3 OCDL^L^^EEfJj^^ 

^Sigift-r^circict 1 6^lcDla^5■r'<r^3^t- 
[0 0 5 3] ^miz. mm^^'^^u^'J 3Xti (8 
(I) (zmf 'i)tii^i:-mii2 5 6ficDig^A<. ^tz. 

/Ui-'JArXti (1 6fit) ^Cc:<t1-tlf^2755 5 3 6{S 

(Dm^^^MAz-mmL. mn-'r^:^tt<x^^o 

[0 0 5 4] CGAgf^Sfi ($li^li-§-^)^$IS) ] 
IC. ^ 1 (zfeMt-SG Agf^gi5 2 0CDP:»:6*jai?£^li:. ^ 
COMf^ (GAgf^) [COL^Tl5i0^■r'So ^5(i. GA^ 
i^^2 0(D^«:a*]m«*7Fl-:^P'V^^r-fe^o 
C7)G A^fNgP2 0(i. $IJ^^-^V a-'Vc$^gl<DiiS 
[Hl^(::S^LtrfiIfc5tS-r^t<D-efcy . fcfcg£SP2 1. 
SS^ai2 2. ^M^2 3. «lJ»gIl2 4^5JiU:ili:h^2 5 
^b^^^JS^+iri^-So C(7)G Agf^gU2 Ofi. SmUfc 
|g[fiI^j||75)^^SSLfc^fli?iJ&Il 1 CDli^lHl^l 0(CA 

^v a V c $^j5£-r'5^-cayiiL-cafii5iji^^s^t 

ilXm^l+'StiCDT'fc'So G Agf^i:l^5^^Ii. 
CODN AlE^jO^P&Jg^PffliL (J±S£) . ®J<;^(::iJ:;C 

tz^±mmxmm^^\^myi\^ im^) . dnaib^^j (e 
iffl^^ X. ^ ^T o -c Jb is¥ m * ^ y is -r s^iHb CD 

^i^r^e^ru^'5Ci:7^)^<^<1•ltt>;Kfc4^^D•r:fc^^ ''cffc. 
SfiEcDPLU^ttif^fi. ;:J^fri^^i^G Agf^T'l5tB^-ri)o 

[00 5 5] CGAgft] S6(i. i/MOS$-ffiLv/cii 
itiyy^'rM.CDmi^^^^lS^mr^tzi^iZ^ 10CDSH® 

ss^ffiu^r. 'jXA (ga) ic^y. sh 

[i]£&cDlS^ ^54^ L r < ¥-1(1 ^ TF-r :? p — 0 r* So ^ o 

CCr-fi. -^itUr. ORlHlSSCD^tfifC^lxT^^o 
[005 6] ^<Dm MZTT^ir 2 b i t A:^<D S H [£]S& 1 
Or-I*. ^(DliS^ffiSf ^(DlrV a. Vb. VcCD-e 

(0. Vdd/ 4. 2 Vdd/ 4. 3 Vdd/ 4. 
Vdd) C7)5^il^i-^CDl^■rtiA^^^]a^^C^^ L/Co dtl 
(i. 2<llcM#^^^<i:^ti€n<D$iJ^m-§-l::otN-C 3 



r 



(10) 



^^ggift 1 1 - 1 9 4 9 2 4 



[0 0 5 7] :^mx'{t. :i(Dmm^^mr^ 9 b i t ^ 

Vb. V c A<3Sl'J#^fii (O. Vdd/4. 2Vdd/4. 
3Vdd/4. Vdd) (0 0 0. 00 1. 0 1 

0. Oil. ^ 0 0) ^^^(DS^Tiz-D 

l^rcD^l>* (a a a. b b b, c c c) 

i), CC-C?, a-c(i "0" X(i "1 " T'&y. 

-^fi Va = (aaa) . Vb= (bbb) . Vc= (c 

cc) vBi^ti^. ^LT. mecD^^-jy ST ^ V 

[0 0 5 8] y^^vZfST 2X\t. ffiSLfr^fet* 

mm^^^ oizmmm^-v s. vb. vdz^ifx^m 
m^^ii-x:>^^^j^3ot}^i^mm(Dmm.^^ iiht^m^ 

Vo u t ' ) t<ti:.^^2 1 izmihtl^o J±S^2 1 it. 
i^d:i:^{i-^V o u t , Vout' ^ttScLT, A*e-^ 
<Dm^'^t>i±izitCfzthtim^o ^ (^4#ffa) 

fogo ctJ^dT-So tzt^it. m6{zA--Dmn^'t^M.^(D^ 

^i^^Xit. (Va. Vb, Vc) = (001. 01 

1, 0 1 1 ) -cs^y . 114 (b) <D^^iit^^#ffB-r^ 

ZLCOm-^itN ORth tittj:^(DX. HffMcDO R <b: tti 
sfi "o" tfii^$;K^o mmz^ me<D^^iii2it^ 

thtit<'-^LXm^tf§L^ . m^i;^3{t2^tiX-^LX 

m!^^2. ^fei*4(i3ti:i:ti-e-StLr®P£;:g3 <i:^J^ 

[GO 5 9] SCc;:S4C75^fe»:7£)<— 0-e=t,^^-mf^, 

c:cosfefet*:A<^!g<7)iisiii£&i oxmnomu^^'^n 
^fzubiziELi^mmm^tLxm^L. :po—tmT^ 

[0 0 6 0] mj^f^^t<n^LUi^m^it. yu—f3<:^ 

(7)M;!)<S«$H^o ^.(DmiRlt. mscDUm^^ifi^X 

mitmmn^^if^'otzmvi^ 2 2 iz^ y sitrsn^o 
:'Xizm^f^t<mi'''^^i^3 (D^(&t< ^ xzommxm^^ 

tL. ^fe{^:4i:HS^lc®^£jg;^)<;gl^ifefe(*2cD^a<^:. 
^'^^2t3(Dmi3<. ^tt-F;Kl /4CD5t^T'SfS;txr 
L^^o ilS^CD^fett:<D;^(i^Ma5 2 3{Zi2l^tl-^o C 

(D'sik^i^mmz^i). mjtm.fj^m-^tcDi^t'm^fi^^m 



^x^mmt^^. ^^mi:<-mi'^ij<Di3:^^^mmt<'m 

[0 06 1 ] y^^vZfS T A^Xit. M^itM 5 CD^^^ 

23\z^i^Xs m9i'^<Dm^i^(DmiZ7^L\zv h^x^ 
tzit^-^mmtmn^^^a :$^m\z^i-^^^y 

<t^l^5o ^tz. me<DmxitM:»^izmmLxi^ui^ 

PiF-^^^j tit. m^it. ffiL<o< i^ti/rSr 
^■fef^cDfimcDe^y V a - V c :^ tiz—ofzif^U 

C0t±i:^$i52 5fci^ ^,n^o 

[0 0 6 2] x7^-v3^s T sr-ii. m^itmB<Dihti^ 
25\z^i^x. -^i^^^wmtmtztii'^^t^mtm^m 

Mm. 2izm^). miti^scDmm (st 

2) . ^^ftCOm^S^ (ST 3) . )ZV h^X^fzit^ 

—^^m (ST 4) mrt^rt) ^. mi^m. 

10 0% (m6(Dmxit. Sfc;S4) (DS^^t^tm^^ 

^^xm^jmi-o m^^m^ oo^cDm^^it. 

3 ofrfeiSij^^tu. f£:^mziK;.cxp\mm^t\^xmmM& 

(Dmmzm^±h>ti^o 

[0 0 6 3] tjiirs. ]^ji±<DmmtGAmm<D~mx& 
^mco^-^^Wi. mitmmm^ii. ^^t^<Dm9im. 
tzv hs^x^-^m^^mit. ^mmsiizitcx&mtj: 
^^tmit^^o ^fz. mm\sim<Dmmc)m.w.it. mm 

TL^tzifx. wt±^\^fz^m^mn^^:^txm^iz . 
Mf^^ti^o $bic, mcmmisimizMLmmmmt<m 
yM$;h.. mcmm^mtmcmmm^xmi^^H^^ 

tt<^l^m'^Xit. y^^v^S T 1 X^^¥\'^W^'th 
X^h. 

[0 0 6 4] :$:||Jgff$^CO^^t*^gfi. vSo^U— v 

a -^xitt^^^miz^^-^^iz^my^^^fz^mz^^) 

a(Dli^IIlK(*, ;1IS:iiS^^JE^Bg^c*:t(75<*: LTfi. 
^ AT'ii^^ L J^cC/)* b Ift^-r >5 C <!: 3S>^ 



I 

it 



(11) 



'^^W- 1 1 - 1 9 4 9 2 4 



itmt^&'ofzm^. mm^^izf:^^. ^^D^^(zfea^r 

m^ltN A N D i: A N Da)iiM;6<i£g Lr^aftr ^ii 

izmmr^a^x. mmmzmmi^(Dmmt<i§,m^^a c 
tiiziiux. :^mmi^^mx\t. mm^W(D^^izGA^m 

[0 0 6 5] mzmmmm 

±^^Ltzm ^ mmmmvit. sHmmizGA^mmr^ 

\z^i-^mf^mmt<wii'^m!^.i^<&'otzt<. ^t^^cD^s 

^(Dt-^Lxmmizt>t^^(Dx. mmm^(Dtzit>\zt> 
^t>^GAimm^^m.^itmi\ Lt^L. m^cysn 
^^^mi^xxm^^.ii\Bi^^mf&-r^m'^it. mn(DjB\ 

isb. GAiz^h^mmm^mt^^^jmmttj:^o 
[0 0 6 6] :$immmmx\t. m^(DSHms&tmmm 
^^^^m^'^t>i±xmi'^^^m»^m.t. t<Dm^^ 
t:>i±^m^GA\z^i)^mmm^^^'^'&mm^^o t 
(Dm. mm^j:m^'^toi±^^tLx. ^j\y^zfu<7^^ 
^^Mt^lx. ^<Dmf^t±f^ i^mmm^-^t:) aft 

[0 0 6 7] mat. :^mmmB<Dmm\B\&mtLtz^ 

-9-4 oii. milZTjkT^oiz. 4 0(7)A:^«^=^lw^tt^ 
tLA^cFtl^ 4 7^— ^ I 1 — I 4a)fHitt;!)^* 2 0C7)r K 
UXt'^yHAl. A 2(7)iSaJ^^*:>-t±-Cig»^d<)lcm->'cCai 
y3^^;^^^^)dt^:^■r^6A:/3(/5^;^^7^U'^7-^^ (6^;UT 

r-fe^o C(D6^;u5^:^L^^ti-4 oii. 
iHi^-tTMi, -e-<D?]]©(r^A:/3fi-^A 1 . A2ai;i 1 

I 4 ^ ^H^nSicf -5 6 OC7>-< I N V 1 - 

I N V 6 S^-r^o -< I N V 1 I N V 6CD£ii 

*li»{l-^A 1 , A 2, ^C75SKS-^A 1_. A 2 

:at/A:^<l-^i 1-1 4cDSlE{i-^c7)5*.. 3fi-^ 

^ A:^t'^4OC0r> KlHlSSAN D 1 -AND4(Z}g|S 
^4^rL^i»o T> Klil^A N D 1 (ZA 1 _. A 2. 13 

_?&<A:^^;K. T>KIhIS&anD2(ca i_. A2_. 

I 4_A?A:^^*L. 7>KlH]S&AND3(rA1, A2, 



I 1_;6<A±!^t^. r> KlHlS&AND 4(ZA 1 , A2 

I 2_;{)<A:^$tT.^. cn^r> KSSSAN D 1 - 
AND 4(Dihtilt. g*§©<Oy TS^NORClS^^^h. 

[00 68] ccOci: 5^*:Si?£<7)^;u^:^L^^"9-4 Ofi. 

(A 1 . A2) = (0. O) <Dt^. 40(DAND[H]£& 

<D 5 *>dl:^;&< 1 \zt^^'ol^^t<h^(D{tr>h*\Bi^A N 
D2aD^-efei'J. Lfc;b<or. A:^^!-^ i ^(Dmmi^B 
{zj^cx^m^}i^'j'yo<p-^^ o(Dihtit<mt^^o -3 

(A1. A2) = (0. O) (DttX^m^l 4 

t<m^^Hxthti^ti^o mmiz^ (Ai. A 2) = 
(1. 0) ottxtim^i ztm^iti. (Ai. A 

2) = (O, 1) cD<!:#A:#a^l# I 3;6<^S^^;ft. (A 
1. A2) = (1. 1) (Dt^Xt^m^l 1?b<S«* 

[0 0 6 9] ^9fr(i, SH\B\^<Om^^t>-^<D^—:^ 

tf^^mm/^'^—^'^. ±isiii7 35:t>'^8fc^-r6^;u 
m^x7Iki^tz<Dtmmumm\Bl& (shiu^) r-feu. 

S HlilS&S H 1 H 3 Xm 8 [Z^if ^WL^f9C(D 
/TIs]£&NOR^«^LrL^^o O^y, S H 1 i: S H 

zxz-oa^zT^JiOR^^^^mznif. "to^zxtio 

SH3-e||^L-CL^^o c:(;)j:5''c*:a^<7)SHlil^<7)i2 
mzttL. ^SH[5]£&(zA:ti-r^t:>$S«^-ri»SScr 

j^JZ-Ol^xmmX^. SH\Mm^(DXtimm^. SHlsl 

^Afit::^±lzm^^Hfz\ziy<DANommtt^^. -o 

^tj^ Z(DSiBlTUY(Z<fcor. S8(7)4-0(DAN DlU 
KAND 1 '-AND4i:. "^(DXt^m^t^nm^^Xl"^ 

^^iz^ ^SHMmma^mm^S^dtzi^iz. &sh 
[Hl^<7)A:^e>lc(i. -ffE(7)S H[n]^<otii±i?!)^^c75:7^ 

')^:/<p^^mx^^o "tLX. ;i^ihXtit\^%iHz^s 

HMm(op\mmTizxti't^mmm^- (va, vb. v 

c) ^m^^^^ h'J V<P:^^<n^^^o CC7)^hU'V 

l^G A^itgP2 OfrJ;oT$lJ^mi±il (O. Vdd/'^. 
2Vdd/4. SVdd-^-*. Vdd) <7)43A^^, GAlCcfc^ 

mmm^^mxmm<DmM^3^ (ccr-fi. ^scdihi^ 

CniCcfctJ SHlHI£§(7)ti^^fiiS^'Sc ^9[i. 

mi^x^^m^'SiM^Lxi^^o -dL, ^9(z^ba^r$ij 
rL^-sa)-efi?^d:<. m\z. g A^ftSiJ2 o(cj:^$ij^m 



[0 0 7 0] :i^^(D^ h^j v<?7.<Dmm^mtm'ot^ 

[Hllfic. yu—^^ :y^'^—^m<DMO SUM'S: LXi"^ 

[007 1 ] C^DJ^5?'d:lEMco(5]K^c^^L^r. ^TU-T 
m IzWilffz G A mifWz <fc y tr o r t cfc ^ (7) 2 o 

H]B\^zrQy<? (sHi-sHs) ^^mT^z.tt^ 

-r(C^5L^r 7 2 t**V 37 ^ — K/\'*V ^ T U Y IC 2 4 t' 
^M^^e^y h2 7 tf^y h<Dti-l 2 3 e^:/ hi:^t 

1 $)j^ii^(c-D^3 i--esH[i]^;r<hfr9 e^v h. 

3{l(/)SHli]K^ttT?2 7 e^v h(Ccfcy^^^;K^o 

[0 0 7 2] C(7)J::5?^j:;^^*<D^fei*^1SI&^SL. 

[0 0 7 3] ia±<D^:^^?Jj^f ^.h:^^^^>:fii^bvx 

^) iii!!^mtT^m. :z<DUTji'^^ M.vmm^m^-r 
[0 0 7 4] ±':&Lfz:^mmmm\zm^^m»mmtt. 

t*^^Jf::$tLriUTC0ftJ.-5;b<&^o ^"T. (1^9) 

S-C^^LfrlHlS&mf*. P LDCTJli^v^PlzlB^t- 
P L D(7>:/P^^ 5 >^fi, A N Dii^irORii^ 
CO J^^^ *D1± ( r J: o T III K * « Ji^-r ^ Jbn JSt^mff^ 7b<g:*: 



i^Pjg^ 1 1 - 1 9 4 9 2 4 

'p-^o^'Dtd:mm^\s\^<Dmf^\z^i''Xij. li^^^p 
(D<^otji:k^t^mm<Dmmmt<i^^mttj:^xL^oa l 
t}^Lf6i^<ih. :$^mmmmx\^7r:Lfz^s&mmt. 't<Dm 

m^<P oU'S:SH\B\^xm^^x.X^^) . "T/UZ^Cyf 
[0 0 7 5] :$:||figJf^S-efi. S H [U fimo) 

[0 0 7 6] :$:|ISgff^S-e(i, tiJ^mJ±(73^ygx^m 

p LDS^l^fcJiibvXi^A-e^i. liil^^c^^p^*^ a > 

/ \- K X T 3f P ^ S > y 3b<pJ^ tfs:^). U 7 ;u ^ -Y 

[0 0 7 7] ^^fc. :^mmMm\z^n^MW,'^mtjim 
m^m^t-^mmy^x^Ko 

[0 0 7 8] ^-r. ±IEljS0-^-efi, 1 OCDS HlEl^CD^J 
^mEEcOfi^izmi ^]SfeJf^S^f5]^(:i9 b i t (3 0CD 

sHii]K-C'-^tt2 7 b i t) ^mi^^tLt-t)<. mm. 

t. 1 -^(DS H[Hl^ir-DU\r 4bit.If12bit-e 

mt:o z,(D^jt. m^mm^mizisi\xijmcx&>^o 

3iffi^<7)IfcL^^i4 4g^^. A:tiST$^ife^^ 

$Gfc. ^1^14, ^^^lco;gt^ixxi^A^«^t-'5-^ 

[0 0 7 9] :$:||^£Jf^^(r^5l^■C^7J^LfrIilffiaJ^£ (M 
9) -efi. A:^S5(::AND7U-r $mt^rLN^;!)<. Z;h- 
^^^l^-r^::. ^SiJA:^DStlSSHlil^{cSSIi-^a^ 

AND fCgaaf^S^ tl-fc^gfSECDS H[sl£&T?M^^X^ Z 

s H [H SS-CM ^ g ^ ^ - <h ^ (cli oT fig r- 36 ^ o 

[0 0 8 0] ±^Ltzmmx{^m^^t>-^^^iz'oi^x 
wRLfzizm^^xi^^t<. m9(D\s\^mf^\zmL. ^ 

\zp Loi,L<\tF PG Am tmmuzf a ^'^-^yjir^ 
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(13) 



11-19 4 9 2 4 



[008 1 ] msmmmm 

H L -C L # LxmiE ^ lEIST' ^ ^ <fc 3;£^f-II^Sff^^.-e 
[O O 8 2] ^ 1 O (a) fi, ^USEff^^C^^-S 2A:^ 

o^SL#L^m^±-<>/^— -51(7)^®^. ^10 (b) \tm 
mmmv^^. cc7)2A:^nT^L^L^mi±'<>/<— ^ 5 

h^^M5 4 p. 5 4 n A^?^fi£$tLrt^ 

^'-hSfe^j^s 4 p. 5^n±t. mmmcDm^^ 

[0083] cc7)2/Mos naI;^)^^> 
hFG±(c. ^<D^£Am?^l:*i3 > hn— ;i.-r^ 

s^^;:±ASij^y- h c Gw/E7&^^*- ^m^mm ss^it- 

-^-iXff- h F G±{z^- hm^mmse-^-ffLx 
iSM$tLTu\-5o m^ Rumzmmmmx^mL 

fz<^5ti:m'^<r>uMOS h^>iy::^'^Xit. yo—^^ 
></f—hT<D'f-h^mLm(Om^it. S^l Onm- 

[0 0 8 4] C(75cfc5?'cCg|it<7>2 A>3P^^L^L^mJE-i' 

>/^— 5 olcfcl^x. m^ioviz^ib. m^^Xm] 

(iJiA<^c:<b:lc^ci:^o iSfr, m?5a A$ij^^*- H c g 

w/E iznomz^muLx. g«fra^$?i^ts< 
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